INTRODUCTION
The equation of state (EoS) of dense matter is an essential ingredient in many astrophysical model cal culations. It determines the static properties of neu tron stars, affects the dynamical evolution of core col lapse supernovae and sets the conditions for nucleo synthesis. Besides basic thermodynamic properties of matter, EoS models should provide information on the chemical composition of the system. Of course, an application of an EoS in simulations is only reasonable if the timescales of nuclear reactions are much shorter than the timescales of the system evolution and equilib rium conditions (thermal, mechanical, chemical, …) can be assumed. The properties of stellar matter depend on three basic variables: the baryon number density n B the temperature T and the electron (or pro ton) fraction Y e (Y p ). These parameters have to cover rather large ranges in practical applications. Hence a global approach to construct EoS tables is needed in order to consider the relevant physical effects and con ditions.
A critical examination of existing EoS models for astrophysical applications suggests to develop an improved EoS in particular with respect to the follow ing features: 1, to extend the set of constituent parti cles, i.e. in addition to the traditionally considered particles in stellar matter (nucleons, electrons, pho tons), further baryon species (e.g. hyperons) and a 'complete' table of nuclei have to be included; 2, to better constrain the model parameters using up to date information from finite nuclei (binding energies, radii, charge form factors etc.), nuclear matter (satu ration properties), heavy ion collisions (flow, frag ment yields) and compact stars (mass radius relation, maximum mass, cooling); 3, to consider more seri 1 The article is published in the original.
ously the effects of correlations, e.g. nucleon nucleon correlations with the low density benchmark of the model independent virial EoS, the medium depen dence of composite particles and electromagnetic cor relations that are essential for the description of solid ification/melting; 4, to treat correctly the transitions between different thermodynamic phases. From these considerations it follows that the construction of a glo bal EoS in a unified model presents a serious challenge to theory.
In this context it is important to distinguish between nuclear matter and stellar matter with very different thermodynamic properties. In the former system, only strongly interacting particles are consid ered, electric charges are neglected and the electro magnetic interaction is not taken into account. The balance of repulsion and attraction in the short range nuclear interaction leads to the feature of saturation, which can be characterized quantitatively by typical nuclear matter parameters such as saturation density, binding energy per nuclon at saturation, incompress ibility, symmetry energy and its slope parameter. As a consequence, a non congruent liquid gas phase tran sition is observed [1] . In the latter system, relevant for astrophysics, both hadrons and leptons interacting via the strong and electromagnetic interaction have to be included in the models with the specific condition of total charge neutrality. Typical features of stellar mat ter are the formation of inhomogeneous matter on dif ferent length scales (clusters, "pasta" phases) and the lattice formation at low temperatures and densities with ions immersed in an background of almost uni formly distributed electrons.
In this contribution, the main emphasis is placed on the description of dilute matter, i.e. matter with densities smaller than nuclear saturation density n sat ≈ 0.15 fm -3 where correlations are decisive for the Abstract-Correlations in strongly interacting matter at subsaturation densities lead to the formation of clus ters and the appearance of phases transitions with a change of thermodynamic properties and chemical com position. These features can be described in a generalized relativistic density functional approach using clus ters as explicit degrees of freedom with medium dependent properties. The model is constructed in order to provide equations of state for astrophysical applications. It can be adapted also to nuclear structure calcula tions with cluster correlations on the surface of heavy nuclei. The appearance of α particles modifies the neu tron skin thickness of neutron rich nuclei and affects the correlation with the density dependence of the sym metry energy. properties and chemical composition. In general, information on correlations in interacting many body systems is contained in spectral functions, which often have a complicated structure. A prevalent approxima tion is the introduction of quasiparticles with self energies that incorporate the in medium change of the particle properties, leading to a reduction of residual correlations. The quasiparticle concept is very suc cessful in nuclear physics, e.g. in phenomenologieal (Skyrme, Gogny, relativistic) mean field models [2] with nucleons as degrees of freedom or in the treat ment of pairing correlations applying a Bogoliubov transformation. There are also different concepts in devising theoretical approaches. In a physical picture one starts with mutually interacting nucleons and uses elaborated many body techniques to describe the for mation and dissolution of clusters as many body cor relations. In a chemical picture one immediately begins with a mixture of nucleons and nuclei in chem ical equilibrium and the main task is to include the effects of the interactions. A unified description in a single model is given by the generalized relativistic density functional (gRDF) approach that is presented in the next section. Dilute matter is not only relevant for the EoS but it can also be found on the surface of heavy nuclei. There, α particles have to preform as four nucleon correlations in order to allow for the radioactive decay of unstable heavy nuclei. The adap tion of the gRDF model to this situation is discussed in Section 3. This contribution closes with conclusions in Section 4.
2.GENERALIZED RELATIVISTIC DENSITY FUNCTIONAL
In order to model nuclear and stellar matter with the correct limits and explicit cluster degrees of free dom, a generalized relativistie density functional (gRDF) was developed [3] [4] [5] by extending well known relativistie mean field models with density dependent meson nucleon couplings [6] . In a grand canonical approach, a thermodynamic consistent formulation is obtained by introducing the grand canonical potential density ω(T, {μ i }). It depends on the temperature T and the chemical potentials μ i of all particle species i, which are related by the condi tion of chemical equilibrium. In addition to nucle ons, heavier baryons (not relevant in the present con text) and composite particles such as nuclei (or clus ters) are regarded as explicit degrees of freedom. In the present model, four light nuclei So called "rearrangement" contributions in the vector potentials V i ensure the thermodynamic consis tency of the model. In stellar matter, there is an effec tive electromagnetic contribution to V i for charged particles. It is taken from parametrized results of Monte Carlo simulations of plasmas [13] and repre sents Coulomb correlations, which even appear in uniform systems. The scalar potentials S i contain medium dependent mass shifts Δm i of composite par ticles that allow to describe their formation and disso lution with changing density and temperature. This approach replaces the traditional geometric excluded volume mechanism in order to suppress the appear ance of clusters at high densities. The main contribu tion to the mass shifts originates from the action of the Pauli exclusion principle that blocks states in the medium from participating in the formation of corre lations. As a consequence, the binding energies of clusters are reduced and their dissolution, i.e. the Mott effect, is observed. The mass shifts of light clusters with A i ≤ 4 have been calculated by solving in medium few bodv Schrödinger equations with realistic nucleon nucleon potentials. A parametrization of these mass shift is used in the present gRDF calculations [3] . A different approach is followed for heavy nuclei. Here, fully self consistent spherical Wigner Seitz cell calcu lations with the density functional for nucleons and electrons are performed in an extended Thomas Fermi approximation [14] . From a comparison with calculations of uniform matter, the change of binding energies of clusters inside the medium can be deter
